Abstract
INTRODUCTION
Most of patients with esophageal squamous cell carcinoma (ESCC) have a high prevalence of second primary head and neck squamous cell carcinoma (HNSCC) [1] . Matsubara et al [2] reported an assessment of the risk of a second primary cancer in patients with ESCC undergoing esophagectomy. In that report, HNSCC was the highest risk after esophagectomy and the prognosis after the detection of HNSCC was significantly unfavorable compared to that of other malignancies because of the difficulty in the early detection of HNSCC. An image-enhanced endoscopic technology system, narrow-band imaging (NBI), was reported to be useful for the detection of superficial HNSCC [3] [4] [5] [6] . These superficial lesions are depicted clearly as welldemarcated brownish areas without magnification, and increased intraepithelial papillary capillary loops (IPCL) with irregularity are visible as the endoscopic features of superficial HNSCC with magnification [3] . Muto et al [3] reported that both detection rate and diagnostic accuracy of HNSCC were higher in NBI than in white light imaging. Furthermore, several studies have also reported that minimally invasive treatment, such as peroral endoscopic resection (ER) of superficial pharyngeal cancer, was a feasible and effective treatment with curative intent [7] [8] [9] . At the beginning of 2006, we introduced intensive surveillance program for the head and neck (HN) region, including the oropharynx, hypopharynx, and larynx, using NBI for all ESCC patients before treatment and at every follow up visit. If early HNSCCs were detected, these lesions were mainly treated with ER after the confirmation of cured esophageal cancer. However, it has not been yet clarified whether prompt detection and intervention for early HNSCC in patients with ESCC would decrease the death rate or the loss of laryngeal function related to metachronous advanced HNSCC. In this study, we compared the detection rate of early HNSCC, and the number of serious adverse events related to metachronous advanced HNSCC, in periods before and after the commencement of NBI surveillance for the head and neck region.
maTeRIalS aND meTHODS

Patients
Patients were recruited from our database of patients who have received definitive treatments, such as ER, surgery and chemoradiotherapy (CRT), for ESCC in the National Cancer Center Hospital East. Selection criteria of this study were as follows: (1) initial treatment histologically confirmed ESCC; (2) clinical stage Ⅰ to Ⅲ; (3) no prior HNSCC; (4) absence of synchronous advanced cancer containing HNSCC; (5) no recurrence or metastasis of ESCC detected within 6 mo after initial ER or surgery for ESCC; (6) complete response (CR) was achieved and a recurrence after achieving CR or metastasis was not detected within 6 mo of CRT; (7) an observation period longer than a year after treatment for ESCC; and (8) provided written informed consent before all endoscopic evaluation and treatment.
Two groups were classified between the periods before and after commencement of surveillance for the HN region. ESCC patients who were treated between October 1992 and December 2000, with a follow-up until December 2004 were defined as a control group (group A). During this period, the HN region was not intensively observed to detect superficial lesion with endoscopy before treatment or during follow up periods. Group B was defined patients who were treated between January 2006 and December 2008 and followed until December 2014. These patients in group B routinely received intensive surveillance using magnified NBI endoscopy in the HN region.
Endoscopic examination and follow-up schedule
Since the patients in group A underwent conventional endoscopy with white light illumination, intensive surveillance to detect superficial HNSCC was not performed actively. In contrast, the HN regions including the oropharynx, hypopharynx and larynx, were observed using endoscope equipped with a NBI system (Olympus Medical Science, Tokyo, Japan) in group B. The endoscopic observation order in the HN region using NBI endoscopy in our hospital is shown in Figure 1 [10] . The follow-up schedule of endoscopic observation after the treatment for esophageal cancer was as follows. Patients who received CRT were evaluated every 6 mo after achieving CR. The initial examination was performed at 3 mo in patients after ER, and every 6 mo thereafter, and an annual examination was performed in patients after esophagectomy. 
Analysis and statistics
The detection rate of superficial HNSCC was evaluated for each group. The incidence rate of metachronous HNSCC and serious events related to metachronous HNSCC, such as death or loss of laryngeal function, were also evaluated. All information was collected from the medical records or was provided by the patients' physicians. This retrospective study was approved by the institutional review board of the National Cancer Center in accordance with the Declaration of Helsinki.
SPSS Statistics 22 was used for statistical analysis. The results were expressed as medians. The Fisher's exact test was used to analyze categorical data to compare proportions. Risks of metachronous HNSCC were estimated by using the Kaplan-Meier method. P value of < 0.05 was considered statistically significant. Table 1 . The male-to-female ratio, clinical stage of ESCC, and the follow up period were not significantly different between group A and group B, however, median age was significantly higher in patients of group B than in patients of group A. There was a significant difference in a treatment for ESCC in both groups (P = 0.025): the frequency of CRT were higher in group A (group A: 37%, group B: 23%).
ReSUlTS
Patient characteristics
Synchronous HNSCC
Synchronous superficial HNSCC was detected in only 1 patient (0.3%) in group A. In contrast, the synchronous superficial HNSCC was found in 12 (3.9%) patients in group B (P = 0.008) ( Table 2 ). Among these all 13 patients, 9 patients (69%) were cured of ESCC and 7 of the 9 patients with synchronous HNSCC were treated after the treatment for ESCC. In these 7 patients who were treated for HNSCC, 5 patients underwent organ preserved local resection (ER or surgery). One patient with hypopharyngeal cancer in
Pathological evaluation of HNSCC
The histologic diagnosis was made according to criteria proposed by World Health Organization [11] . Clinical staging was determined according to the Japan Society for Head and Neck Cancer, same as the TNM classification 7 th edition. Superficial cancers without lymph node or distant metastasis were defined as early cancer and cancers invading muscularis propria and deeper layers were defined as advanced cancer.
Treatment strategy and details of treatment for HNSCCs
Treatment for early HNSCC was provided after initial treatment for ESCC was completed. However, second primary HNSCC was not treated if the ESCC was not cured, because there was few possibility that the treatment for HNSCC affected the prognosis. Endoscopic resection for HNSCC under general anesthesia was introduced in our hospital at the beginning of 2003. Subsequently, early HNSCC was mainly treated with ER after the confirmation of cured ESCC. When a lesion was small (approximately 10 mm in diameter or less), endoscopic mucosal resection with the cap technique was performed [8, [12] [13] [14] , and endoscopic submucosal dissection (ESD) was performed for larger lesions (over 10 mm in diameter) [7, 9] . The procedure of ESD was as follows. A videoendoscope with a water jet system (JIFQ-260J, Olympus, Tokyo, Japan) was used for the entire procedure. And then 7 mL to 10 mL of 2.0% glycerin-free Lugol iodine solution, consisting of 2.0 g potassium iodine and 4.0 g iodine in 100 mL distilled water was sprayed to delineate the margins of the lesion. Markings were placed outside the margin of the lesion with a dual knife (Olympus KD-650L) and an electrosurgical current generator (ICC200, Erbe, Tübingen, Germany) set at 25 W for forced coagulation mode. A saline solution with epinephrine and indigo carmine dye was injected into the subepithelial layer. A circumferential incision around the lesion was performed and then the sub- 
Metachronous HNSCC
Metachronous HNSCC lesions were detected in 10 patients (3.9%) in group A and in 30 patients (9.8%) in group B (P = 0.008; Table 3 ). The cumulative risk of metachronous HNSCC after treatment of ESCC is shown in Figure 2 . The 5-year cumulative risk of developing metachronous HNSCC after treatment for ESCC was only 2.5% in group A, whereas it was 8.7% in group B (P < 0.001).
The characteristics of metachronous HNSCCs are shown in Table 3 . Eleven metachronous HNSCC lesions were detected in 10 patients in group A, and 53 lesions in 30 patients in group B (P = 0.008). In the clinical stages of metachronous HNSCC, only 4 (36%) lesions were superficial type and stage Ⅰ/Ⅱ in group A, however, all 53 lesions were superficial lesions in group B (P < 0.001), and these lesions were stage Ⅰ/Ⅱ.
Clinical course of patients with metachronous HNSCC
The clinical course of patients with metachronous HNSCC is shown in Table 4 . There were no patients in group A who underwent ER as an initial therapy. Of 10 patients in group A, 7 (70%) who were detected metachronous HNSCC had stage Ⅲ/Ⅳ HNSCC at diagnosis. In these 7 patients, only one patient who received radiotherapy achieved a cure for HNSCC. In contrast, metachronous HNSCC was found in 30 patients with 53 lesions in group B (Table 4) . Furthermore, all the 53 lesions were superficial cancer alone. ER was performed in 44 of the 53 lesions and only 2 of 44 lesions had local recurrence. One of the 2 patients had re-ER and was cured, and another patient has not receive any active treatments for the superficial cancer. There were no patients who developed lymph node or distant metastasis within the observation period. In addition, 2 patients were received RT alone, and the remaining 2 were not treated for HNSCC because their ESCC recurred after the initial treatment for ESCC.
As serious events, the 7 of 10 patients in group A died due to cancer, and 6 of the 7 patients died due to metachronous HNSCC (group A: 60%, group B: 0%. P < 0.001; Table 4 ). Furthermore, 6 of the 10 patients (60%) in group A who were detected in metachronous HNSCC lost laryngeal function due to intensive treatment, otherwise none of the 30 patients with the 53 lesions in group B lost laryngeal function (P < 0.001).
Clinical outcome of all patients with ESCC
Clinical outcome is shown in Table 5 . A total of 82 (32%) patients in group A and 53 (17%) patients in group B died during the follow up periods. While there was no significant difference in the frequency of deaths due to the progression of ESCC between both groups [group A vs B: 43 (17%) vs 41 (13%), P = 0.28], the deaths related to metachronous HNSCC were more frequent in group A (group A vs B: 6 (2.4%) vs 0 (0%), P = 0.008). In contrast, other noncancerous diseases or unknown sudden death which might be late toxicity of RT for ESCC were more frequent in group A [27 (11%) vs 8 (2.6%), P < 0.001].
DISCUSSION
This is the first study to investigate the clinical significance of early detection and intervention to second primary HNSCC in ESCC patients. The innovation of NBI has allowed for the early diagnosis of head and neck cancer. The NBI technique could significantly improve the efficacy of screening and surveillance of HN region, especially the lesions at oropharyngeal and hypopharyngeal mucosal sites. In previous reports, NBI screening was undertaken for the HN region (10%-13%) in ESCC patients [3, 4] . In this study, we classified into two groups whether intervention of NBI surveillance was present or not, and detection rate of superficial HNSCC was clarified. Few superficial HNSCCs were detected using conventional endoscopy with white light illumination alone, however, many superficial HNSCCs were detected synchronously (3.9%) and metachronously (9.4%) after commencement of NBI surveillance. Furthermore, multiple metachronous HNSCCs were also detected. One of the main reason of lower HNSCC detection rate is considered that we did not perform NBI surveillance with magnifying endoscopy in all cases. One important point was that almost all of metachronous HNSCC could be detected as superficial cancer by NBI surveillance once from six months to one year.
Furthermore, early detection of second primary HNSCC in ESCC patients brought to minimally invasive treatment, such as peroral ER. In this study, ER was performed in 83% of second primary HNSCCs due to NBI surveillance, and these patients did not lose laryngeal function. In contrast, most of the second primary HNSCCs were detected as advanced cancers in no NBI surveillance from 1992 to 2000, 60% of patients lost laryngeal function due to invasive treatment. Several studies have reported that peroral ER of superficial HNSCC is a feasible and effective treatment with curative intent [9, 15, 16] . Muto et al [9] reported that local recurrence or distant metastasis after ER or superficial pharyngeal cancer were only 8% and patients who underwent ER had an excellent prognosis, with a 5-year cause-specific survival rate of 97% (95%CI: 93%-100%). We believe development of ER for cancer of oral cavity would progress along with early detection of superficial HNSCC. Loss of laryngeal function is a serious problem, and decreases quality of life in patients with second primary HNSCC. In contrast, we clarified that second primary advanced HNSCC could become the risk of death if superficial HNSCC was not detected. HNSCC was 2.4% of various death factors in no NBI surveillance, Limitations of this retrospective study are that the data are taken from only a single institution, and historical background, the medical backgrounds of the ESCC patients, are different in each group. Moreover, it is uncertain whether the approximately 5 years of follow up in the present study is long enough to verify the serious events due to metachronous HNSCC. However, it seems impossible to conduct a randomized control study since the usefulness of endoscopic surveillance with NBI has been demonstrated.
In conclusion, endoscopic surveillance using NBI for the HN region improved detection of both synchronous and metachronous superficial HNSCC in patients with ESCC. The early detection and intervention for HNSCC might lead to the reduction of serious adverse events and the risk of death related to HNSCC.
COmmeNTS
Background
Most of patients with esophageal squamous cell carcinoma (ESCC) have a high prevalence of second primary head and neck squamous cell carcinoma (HNSCC). The innovation of narrow-band imaging (NBI) has allowed for the early diagnosis of head and neck cancer. However, it has not been yet clarified whether prompt detection and intervention for early HNSCC in patients with ESCC would decrease the death rate or the serious events related to metachronous advanced HNSCC. In this study, the authors compared the detection rate of early HNSCC, and the number of serious adverse events related to metachronous advanced HNSCC, in periods before and after the commencement of NBI surveillance for the head and neck region.
Research frontiers
NBI is useful to detect the early HNSCC and minimally invasive treatment, such as peroral endoscopic resection (ER) of early HNSCC, is a feasible and effective treatment with curative intent. This results of this study contribute to clarifying the clinical impact of early intervention to metachronous NHSCCs in patient with ESCC.
Innovations and breakthroughs
In this study, many HNSCCs were detected synchronously (3.9%) and metachronously (9.4%) after commencement of NBI surveillance, and all 53 lesions could be detected as early stage. These results are in agreement with previous reports. Minimally invasive treatment (ER) was performed in 83% of these second primary HNSCCs due to NBI surveillance and these patients did not lose laryngeal function or death related to HNSCC. In contrast, most of the second primary HNSCCs were detected as advanced cancers in no NBI surveillance from 1992 to 2000, 60% of patients lost laryngeal function and were died due to invasive treatment.
Applications
This study suggested that early intervention for metachronous HNSCC is useful to reduce the serious adverse events and the risk of death related to HNSCC in patient with ESCC.
Terminology
NBI: A video endoscopic imaging technique that enhances the display of the microstructures and capillaries in the superficial mucosal layer using narrow band filters that change the spectral features of the observation light.
Peer-review
This study investigated the clinical usefulness of surveillance of head and neck cancer in patients with esophageal squamous cell carcinoma. Although the study is retrospectively performed, the results are well analyzed and clearly presented.
